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Abstract
Intended as an offshoot of the engineering
project, “The Growing Bike,” this honors
engineering design project tackles the
conceptual and technical design of a bicycle
wheel which adjusts in size according to user
preference.
The wheel functions via controlled
tightening and loosening of a stressed coil
which serves as the basis for the rim. This coil
is held together by six bendable mounts
which are spaced evenly along the
circumference. These mounts are shaped in
a way to accommodate a standard size bike
tire. The rim sections are held in place at
mounting points by six interior spokes
pinned at symmetrical, equidistant points
hexagonally oriented 3 inches from the
wheel’s center.
The wheel is adjusted by the user
manipulating a ratchet mechanism which
alters the spokes’ orientation and enlarges
or shrinks the diameter. The wheel rim is
designed to expand from a 14” to a 22”
diameter. This project is purely theoretical at
this stage due to fabrication complexity and
specificity of the materials required to
prototype.
Full Methodology and Narrative
This project was very intriguing from the
moment I began working on it. At the time
where I proposed this project to my advisor,
my first thought was that this would be a
fairly easy task. It sounded innocuous

enough: Make a wheel that gets bigger.
However, it was soon clear that this would
be a conceptual nightmare. How do you
design a circle to expand?
At first, I toyed with the concept of having a
solid, overlapping rim which could increase
its arc length by the smaller piece extending
outwards. I was forced to scrap this design
because the circle diameter of a metal rim
cannot increase so the wheel could never get
bigger.
Another
potential
design
used
extendable/collapsible spokes akin to tent
poles which would connect to the rim and
increase the radius of the wheel. This
concept had the opposite problem; there
was no way to increase the circumference of
the metal rim. Additionally, it would either
rattle, be cumbersome to adjust all the
spokes, or be so solid as to make the wheel
require too much effort to spin. A
combination of the two designs lent no
better outcome. These can be seen in
Appendix A2.
Clearly, I was running out of typical solutions
to design a wheel and needed to think
outside the box. There was a reason why this
had never been attempted. A literal
expression exists for this scenario: “Don’t
reinvent the wheel.” I began to consider
scrapping the entire project. Finally, after
roughly a month of brainstorming, a crazy
idea hit me while I was idly twirling a slinky
through my fingers. This is something that I
can manipulate to either grow or shrink in

diameter with a twist of my hands. I had a
workable concept at last.
I knew that a coiled material under stress
exerts force outward and is resistant to
being deformed, similar to how a pressure
vessel behaves. This coil became the
principle element of my design to work
around. Now all I had to figure out was how
to manipulate the coil evenly to effectively
adjust the diameter. This resulted in
numerous attempts to place a device
capable of manipulating the ends of the coil
to spread apart from each other on the
circle. But this adjustment would have been
slow, difficult, and did not have an answer to
how it would connect to the spokes.
This led to my second design revelation
which was adjusting the length of the spokes
themselves to force the coil to elongate or
shrink at various attachment points. To
create differing spokes whose length could
be changed, it was clear they had to be able
to rotate. This could not be accomplished by
securing them about the central axle, so all
the spokes were moved to individual
decentralized axles equidistant and
symmetric about the main axle. These could
then be rotated simultaneously about their
axles to create differing angles which
adjusted the distance from the central axle
to the coil, thus adjusting the wheel’s
diameter.

The spokes could now be adjusted, and the
easiest way to accomplish this was by adding
an additional disc with pin connections
attached to adjustment arms which then
attach to corresponding points on the
spokes. If this disc is turned, then the arms
pull the spokes inward and reduce the
diameter of the wheel or push them

outward increasing the diameter. This disc is
secured around the central axle with a

Figure 1 - Angle Calculations for Pivoting Spokes

ratchet which allows the wheel to lock into
place on various settings.
The last design point is yet to be determined
and needs thorough testing to finalize. The
concept is based on a simple hard rubber
sleeve (firm enough to provide support but
soft enough to bend) with holes of the
appropriate coil gage to hold the coil around
the spokes. They can adjust their arc radii as
the coil and spokes do and provide enough
structure to hold a standard bike tire around
their edges. The specifics of these depend
greatly on values derived from testing the
strength of the wheel from multiple
independent sizes.
All of these parts were created in Autodesk
Inventor CAD software to serve as the main
tool for determining how the parts fit
together
and
ease
of
design
conceptualization and can be described
thoroughly in the design section. All written
design concepts can be seen in Appendices
A1-A3, A7, and A9. A more typical lab format
can be seen below this Narrative step by step
thought process which details additional
areas of the project.

Design Concept and Originality
The overarching project, of which this is a
subset, is the “Growing Bike.” This bicycle is
designed to have a frame which enlarges as
a child grows up. It the natural progression
to design a wheel which grows in the same
manner as the bike does and matches the
bike’s proportions.
The basic concept for this came from very
humble origins: the slinky. If a slinky is
twisted one way or the other the radius will
increase or decrease depending on the
orientation of the torsion. This insight led to
the realization that a coiled spring was the
best basis for a circle which could adjust
radius effectively. It merely needed proper
support and a few moving parts.
After some cursory research into expandable
wheels, it was clear that this type of design
did not exist. The ability for a cylinder to
expand and contract is not an easily
achievable goal, involving changing both
radius length and arc length at all points in
the process. All parts are designed to be
made from steel or aluminum depending on
the amount of force on the part.
Project Design Specifications (PDS) and
Market Analysis
There are several key factors which had to be
met to ensure a successful outcome. This
design is intended in its current form to be
used for children’s bicycles, particularly in
my other group’s expanding variant. Safety
of children is obviously the top concern, as
these wheels should never be a cause of
injury. With this in mind, they would have to
be able to support the full weight of a child
which is defined by the CPSC[2] to be 200
pounds of force, so this is the benchmark

value for safety. Ideally this would be far
exceeded and an even weight distribution
between two tires can be assumed except in
extreme cases.
Another key design specification is
maintaining symmetry and even weight
distribution. Even an expandable wheel
concept must take measures to ensure it
functions well as a basic wheel. This means
that the central items, support arms, and
spokes must be evenly placed around the
wheel. This will prevent a constant rotating
imbalance that would occur if not done
properly.
Ergonomics is another key facet of the
design. A wheel designed to adjust is not
useful if it is difficult to do so. The design had
to be able to be efficiently adjusted by a
person without expertise. This adjustment
mechanism must be able to lock on
command so the rider will not suddenly
suffer a wheel collapse while riding. This
would be a catastrophic failure and
potentially deadly.
Lastly, in any consumer-oriented productespecially one intended for childrenappearance is very important. Parents will
not buy something for their child to use if it
detracts from their aesthetic. The
Expandable Wheel has to be sleek, polished,
and give the child how has them a higher
status in their biking community.
Project Management
In a one-person project, the main concern is
time management and staying on task. To
ensure this, a minimum of two hours per
week was put into the project for the
duration of the EGR491 and EGR492 courses.
This led to tangible work product on a

consistent basis and quick progression of the
design.

Social,
Ethical,
Implications

All concepts and work were to be recorded
by the author for reference at later points.
Progress reports were given periodically to
Dr. Read-Daily, the project advisor. She and
Mr. Mark Gatti provided any additional
assistance or contributions to the project
and served as sounding boards for ideas
throughout. All final parts were created in
CAD to serve as a better visual aid for
presenting the project and its unique
concept.

This wheel design has implications for
positive environmental impact. Bicycle rims
are commonly seen as an easily replaceable
item. A new set of two wheels can be
procured for about fifty dollars from some
sources[3]. This level of accessibility can lead
to wheel waste when bikers require more
than one wheel size as they grow older.
Wheel size is very important to comfort and
efficiency while riding, after all.

Budget
This project was a subset of another larger
project and did not require much budget as
it was a theoretical design. If any funding
was required, it was siphoned off from the
primary project. The only need for a budget
came from a mock design proof-of-concept
which was manufactured prior to SCAD
presentations for the purposes of a visual
aid. The final cost of the project ended up
being less than thirty dollars.

and

Environmental

The wheel design can potentially be
manufactured from entirely repurposed
metal and recycled rubbers which would
greatly lessen its carbon footprint.
Unfortunately, the tires and innertubes must
still be purchased separately (rubber cannot
change its shape so dramatically to adjust
eight inches in diameter) for the various
wheel sizes, but this would also be necessary
when purchasing a standard bicycle wheel.
Design
To address the outlined PDS, a hexagonal
pattern of arms was formed around the axle
to maintain circularity. These arms are offset
from the axle on independent pins so as they
collectively rotate, the arms move closer to
the axle. This solved the changing radius, but
not the changing rim circumference.

Figure 2The mock Proof-of-Concept Used to illustrate how
the wheel can be manipulated to expand

The coiled wire serves as the rim of the
wheel, secured with bendable rubber
sleeves attached at the tip of every arm.
These fasteners are the same width as an
average bike tire and provide the structure
for the wire coil. These fasteners must be
bendable so their radius can increase or
decrease as the wheel does. Atop of the
fasteners is a much stiffer portion of material

where the bike outer tire and innertube are
meant to sit, shaped the same as a typical
bike rim.
Now that all the components can adjust,
there must be a mechanism which can
operate them. This comes in the form of a
ratchet centered around the axle which
allows for a maximum and minimum arm
adjustment. The user will twist this device to
decrease the radius while a button release
can increase the wheel back to its maximum
size. This central ratchet is attached to six
sub-arms extended along the length of the
primary arms. These will pull the support
arms inward and maintain the maximum size
of the wheel at the furthest extent. This fully
assembled wheel and all of its parts can be
seen in Appendices A10-A16.
Testing and Analyses for the Future
Massive amounts of testing in realistic
scenarios would be needed for this project
to realize its potential. Stress tests for
compressibility would need to be done for
every variant of spoke thickness and coil
gage available to find the ideal safety factor
and stress dispersion. In addition, stress
would need to be applied orthogonally to
the rim to ensure it would not crumple on or
lose functionality on all but a severe blow.
This testing would be most easily performed
using CAD software as the primary
mechanism which would require an
incredibly detailed model. From this most of
the testing could be performed and then the
most viable prototypes could be generated
and analyzed based on cost-effectiveness,
safety, usability, durability, and appearance.

Manufacturing Plan
At this point there is no manufacturing plan
in place for the Expandable Bicycle Wheel.
All parts would have to have a custom
designed standard template for each part be
created. The rubber attachment points and
coil slots would consist of specially a
specially molded rubber blend and the metal
components would consist of either a steel
or aluminum alloy resistant to corrosion and
strong enough to handle the stresses
appropriately. The coil material would
depend largely on factors such as size and
force required to bend which can be arrived
at only through testing.
Final Discussion and Conclusions
At present, it is important to note that the
design is purely theoretical. The design
requires thorough testing to see if the
weight of a bike frame and rider can be
supported. In this same vein, testing will
dictate the gage of wire used for the outer
rim, which provides structure based on the
outward pressure due to being coiled.
The design maintains the support arms as
primary structural members, but much of
the strain is alleviated if the rim deforms as
little as possible. The connections between
structural arms and rubber fasteners must
be sturdy due to the concentrated stresses
present. If testing proves the base design to
be viable, applications requiring expanding
circular components will be able to exist in
myriad ways that have not existed
previously.
This design could be improved by finding a
better way for the bike tire to be held in
place, possibly by providing additional
extendable material to surround the bike

coil which would assist in holding the
innertube and tire on the attachment points.
Another good modification may be by
switching to tubeless tires which may
simplify the adjusting process and cheapen
the overall cost of having an expandable
wheel
Despite the design concept having potential
to see success at a mechanical level, it seems
unlikely that this design will ever have the
economic incentive to be produced as a
bicycle wheel. It simply would cost too much
money for the design to be worth it in all but
the most niche applications due to the
infrequency of need on normal bicycles and
it is extremely dependent on the Growing
Bike being manufactured first. For example,
if a biker would need to adjust his tire height
constantly for whatever reason this could be
valid. Obviously, this would be a professional
biking application and the wheel scaling
would have to be adjusted to adult sizes but
this would be relatively simple. Anything else
is too infrequently needed to make
manufacture cost effective.
Another application may be in the field of
gearing. Sometimes a gear ratio needs to
adjust to maximize torque or simply
translate to another purpose. The potential
exists for The Expandable Wheel to become
The Expandable Gear, sprocket or pulley, so
long as a change in number of teeth is not
required and the pitch of the gears or chain
links match. Again, this would be a niche
application, but quite convenient in certain
systems. It would be relatively simple to
incorporate a changing gear and its size
adjustment into an automated factory
setting as a moving component and could
cut down on required parts.

I learned much from this project, as this was
my first long-term engineering project which
I attempted solo. The entire process taught
me to better overcome problems and find
creative solutions. While the design may
never be produced, and many changes have
to be introduced to fully realize the
potential, it was interesting to create
something wholly new and I hope to
continue on with this project in some
manner after college.
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Appendix

Figure A1 – Original Concepts for Anchor points on the offset axles and how they would be
locked in place.

Figure A2 – Calculations of total arc length per sixth of the coil and original rim concepts.

Figure A3 – Concept for Flexible Attachment point with optional tensioning wire to help adjust
arc radius.

Figure A4 – Axle Mock (not to scale).

Figure A5 – 14in Diameter Coil rim.

Figure A6 – 22in Diameter Coil rim.

Figure A7 – Simple Axle Diagram made to match a standard bike fitting and hold the wheel.

Figure A8 – SCAD poster presented on April16.

Figure A9 – First Concept for ratcheting wheel and adjustment arms design.

Figure A10 – Bendable Rubber Attachment and Tube Housing.

Figure A11 – Spoke with Attachment point for adjustment arms.

Figure A12 & A13 – Central Offset Axle Pin Discs (insert and mate).

Figure A14 – Spinning Disc for Adjustments (same for either side of wheel)

Figure A15 – Adjustment Arm.

Figure A16 – Full Wheel Assembly at 22in diameter (colored and with axle and ratchet mech.
removed for better visuals).

